Involvement of medullary A2 noradrenergic neurons in the activation of oxytocin neurons after conditioned fear stimuli.
Fear-related stimuli activate oxytocin neurons in the hypothalamus and facilitate oxytocin release from the pituitary. Oxytocin neurons in the supraoptic nucleus receive direct noradrenergic innervations from the A1 and A2 cell groups in the medulla oblongata. In the present study, we investigated the role of hypothalamic-projecting noradrenergic neurons in controlling oxytocin cell activity following fear-related stimuli in rats. An unconditioned fear stimulus (intermittently applied footshock) or conditioned fear stimulus induced expression of Fos protein, a protein product of an immediate-early gene, in magnocellular oxytocin neurons in the supraoptic or paraventricular nucleus. A neurotoxin, 5-amino-2,4-dihydroxy-alpha-methylphenylethylamine, microinjected into the vicinity of the supraoptic nucleus, selectively depleted the noradrenaline contents of the nucleus and blocked the Fos expression in the supraoptic nucleus after the unconditioned or conditioned fear stimulus. In the medulla oblongata, the unconditioned fear stimulus induced expression of Fos protein in both A2/C2 and A1/C1 catecholaminergic neurons. On the other hand, the conditioned fear stimulus induced expression of Fos protein preferentially in the A2/C2 neurons. Furthermore, the unconditioned fear stimulus induced Fos expression in the A1/C1 and A2/C2 catecholaminergic neurons labelled with retrograde tracers previously injected into the supraoptic nucleus. The conditioned fear stimulus induced Fos expression preferentially in the A2/C2 catecholaminergic neurons labelled with the retrograde tracers. These data suggest that the conditioned fear-induced oxytocin cell activity is mediated by the A2 noradrenergic neurons projecting to oxytocin neurons, while the unconditioned fear response is mediated by both A2 and A1 noradrenergic neurons.